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COVER: Polywater—a unique form of water—is prepared in 
quantities that can be seen only with the aid of a microscope. 
Because of this, polywater is very difficult to study, but NBS and 
U. Md. scientists have obtained sufficient data to propose molecular 
structures for this material. (See puge 195.) 
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With the aid of a microscope, W. H. Grant 
examines samples of polywater. 


Left: Drs. Stromberg and Grant review 
diagrams of the proposed molecular 
structures for polywater. 


POLYWATER—A UNIQUE FORM OF WATER 


NBS and U. Md. Propose Molecular Structures 


In THE Earty 1960’s, 4 ForM oF 
WatTER with properties markedly dif- 
ferent from those of normal water was 
reported by Russian scientists.» * Its 
existence was met with disbelief in 
many sectors of the scientific commu- 
nity. The fact that water has been 
studied and used so extensively, with- 
out ever being observed in this form, 
made it almost inconceivable that 
such a different material could exist. 
That it can be prepared only in minute 
quantities and requires the aid of a 
microscope to be seen also makes 
studies on this form of water very 
difficult. 

In a collaborative study, scientists 
at the National Bureau of Standards 
and the University of Maryland have 
verified the existence of this different 
form of water and have shown it to 
have a unique molecular structure. 
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Based on infrared and Raman spec- 
troscopy, the findings of R. R. Strom- 
berg (NBS), W. H. Grant (NBS), 
E. R. Lippincott (U. Md.), and G. L. 
Cessac (U. Md.) indicate that this 
material is a stable polymer consisting 
of ordinary water molecules.’ The 
“new” substance, a polymeric water, 
has been named polywater. 

Polywater is a form of water with 
properties very different from those 
well established for normal water. 
Although polywater has the same 
chemical composition, it maintains a 
thermal stability to the order of 
500 °C; has a density about 40 per- 
cent greater than that of normal 
water; has a low vapor pressure; and 
solidifies at —40 °C or lower to a 
glasslike state. The NBS—U. Md. study 
also indicates that the strength of 
the bond that holds the water mole- 


cules to each other in the polymer is 
very much greater than that of the 
bond between the molecules in ordi- 
nary water. 

Because of these remarkable prop- 
erties, several provocative questions— 
as yet unanswered—may be raised: 
If polywater is so stable, why has it 
never been found in nature? Because 
of its greater density, does it exist at 


Polywater in a 10-um diameter capillary 
tube as seen under a microscope. 
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These molecular structures for polywater proposed by NBS and U. Md. scientists are 
consistent with infrared and Raman spectral data and with the properties and stability 

of the material. The top structure is a network of hexagonal units and has a negative charge. 
The lower structure consists of highly branched polymer chains. 


the bottoms of the oceans? Is this ma- 
terial found in the body and, if so, 
what is its role in life processes? How 
does it affect the choice of water as 
the standard liquid on which many 
scientific measurements are based, 
such as density and temperature? As 
a stable polymer of water, there seem 
to be many potential uses for this ma- 
terial, if it can be made in sufficiently 
large quantities. 

Polywater is prepared by the con- 
densation of water vapor in capillary 
tubes. These quartz capillaries, which 
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are about 10 micrometers in diameter, 
are suspended over distilled water in 
an evacuated and sealed system. After 
approximately 18 hours, the conden- 
sate in the tubes shows the character- 
istics of polymeric water. 

The investigators have proposed 
several molecular structures for poly- 
water. They are consistent with the 
infrared and Raman spectral data ob- 
tained as well as with the properties 
and the stability of the material. One 
of the structures shows that the O-H-O 
structural units are arranged in a 


plane and form regular hexagonal 
rings. The other is typical of many 
long-chain high polymers and con- 
sists of a linear chain of O-H-O units 
to which H,O monomer units are 
attached. 

The infrared and Raman spectral 
data for polywater, together with this 
material’s unusual properties, indi- 
cate a type of bonding that, before 
the discovery of polywater, had not 
been recognized in any substance con- 
taining only hydrogen and oxygen 
atoms. The infrared spectra are 
unique for two reasons: First, the 
O-H stretching bands prominent in 
normal water spectra are absent, and 
secondly, two new strong bands ap- 
pear in an unexpected region of the 
spectra. 

Although the infrared and Raman 
spectra appear completely distinctive, 
many features of the spectra are strik- 
ingly similar to those for the bifluo- 
ride ion in KHF’. Based on these spec- 
tral data and the observation that the 
O-H-O (the basic structural unit in 
polywater) is isoelectronic with FHF- 
(the bifluoride ion in KHF,), the in- 
vestigators concluded that O-H-O is 
an extremely strong and symmetric 
bond. 

It is the strength and symmetry of 
these bonds that are responsible for 
the unusual, but stable, properties of 
polywater. The bond energy per 
O-H-O unit is given by the researchers 
as approximately 125 to 210 kJ/mol 
(30 to 50 kcal/mol), and an energy of 
250 to 420 kJ (60 to 100 kcal) per 
H,0O structural unit. The approximate 


bond distances are given as 2.3 A for 


O-:-0O, and 1.15 A for H-0. 


The mechanism by which normal 
water becomes polywater is still un- 
known. However, it appears that the 
bond change is affected by the condi- 
tions of the capillary surface. 


1Fedyakin, N. N., Kolloidn. Zh. 24, 497 
(1962); translation in Colloid J. U.S.S.R. 24, 
425 (1962). 

2 Deryagin, B. V., and Churayev, N. V., Priroda, 
No. 4, 16-22 (1968); translation in Joint Publi- 
cations Research Service 45, 989 (1968). 

3 Lippincott, E. R., Stromberg, R. R., Grant, 
W. H., and Cessac, G. L., Polywater: Vibrational 
spectra indicate unique stable polymeric struc- 
ture, Science 164, No. 3887, 1482 (June 27, 
1969). 
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SHRINKAGE OF CEMENT 


LITERALLY HunpREDs oF PApers Have BEEN PUBLISHED 
on the drying-shrinkage of portland cements, mortars, 
and concretes. Shrinkage is generally recognized to re- 
sult from the drying or changes in moisture content of 
the colloidal material or gel formed as the hydration 
product of the cement. Little or no information has been 
presented, however, on the effects of other differences 
in the composition of the cements, or the possible effects 
of trace elements on the drying-shrinkage. 

With the tremendous volume of cement being used in 
the construction industry, complete information on its 
characteristics is needed for improved applications and 
performance. To this end, R. L. Blaine, H. T. Arni, and 
D. N. Evans of the NBS Institute for Applied Technology 
recently conducted a study on the shrinkage of 183 port- 
land cements of various types and compositions.! 

The cements used in the NBS study were classified 
according to ASTM specifications on the basis of their 
chemical composition and physical tests; they included 
82 Type I, 68 Type II, 20 Type III, 3 Type IV, and 12 
Type V cements. Chemical analyses and other tests indi- 
cated that the cements had a broad range of compositions 
and properties. 

Molds were used for casting prism and annular spec- 
imens of the same composition. The prisms were 
1X1X10-in specimens for nonrestrained shrinkage 
measurements. The annular specimens were 1 in thick, 
252 in outside diameter, and 314 in inside diameter. 
These were used for determining the time of cracking 
of specimens restrained from shrinkage by a centrally 
placed chromium-plated steel disk. 

The specimens were cured at 73 °F and 95 to 100 
percent relative humidity for 24 hours, after which they 
were removed from the molds and exposed to laboratory 
air at 73 °F and 50 percent relative humidity for selected 
time periods. 

Six pairs of prism and annular specimens were sup- 
ported in a rack at one time and arranged so that the 
length changes of the prisms could be measured continu- 
ously by means of dial gages graduated to 0.0001 in. 
An electronic detecting device turned off an electric clock 
when an annular specimen broke because of drying- 
shrinkage. 

Length changes of the prisms were measured at 1/, 
1%, 1, 3, 6, and 24 hours after removal from the molds 
or when one of the clocks stopped. An automatic camera 
photographed the equipment, including the dial gages and 
clocks, every hour after the regular work day. The length 
measurements of the prisms at the time of breaking of 
the annular specimens could thus be interpolated from 
the readings or from the pictorial records. 
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Multivariable regression equations were used to deter- 
mine which of the independent variables or combinations 
of variables, such as fineness and composition of the 
cements as well as trace elements, were associated to a 
significant degree with the test values obtained. 

The frequency distributions of the cements with re- 
spect to percentage shrinkage at 1, 7, 28 days, and 6 
months indicated a wide distribution of values, especially 
for the Type I cements. There was an overlapping of 
the percentage-shrinkage values of the cements in the 
various types as classified. Therefore, it is not possible 
to say that a cement, because it conforms with the chemi- 
cal composition and physical requirements of any one 
type of cement, will have greater or less shrinkage than 
a cement meeting requirements for some other type. 

The time of cracking of the annular specimens ranged 
from 0.1 hour to more than 40 hours after being removed 
from moist storage and placed in laboratory air. The 
average time of cracking was about 10 hours. Eighty-five 


SHRINKAGE, PERCENT 


1 | L | 


24 HR. 6 DAY 27 DAY 6MO. IYR. 


TIME OF SHRINKAGE 


Plot of average values for percent shrinkage of neat portland 
cement bars (middle). The bars were cured for 24 hours in moist 
air and exposed in laboratory air for one year. Plots 1 through 6 
are individual cements to show the range of values obtained. 
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percent of Type III, 59 percent of Type I, 41 percent of 
Type II, and 7 percent of Types IV and V cracked in 
less than 10 hours. Type I cements had the greatest range 
of values. 

The percentage shrinkage of the prisms at the time 
of cracking of the annular specimens ranged from about 
0.010 percent to more than 0.065 percent with an average 
of about 0.035 percent. About 76 percent of Type III, 
43 percent of Type I, 27 percent of Type II, and 14 per- 
cent of Types IV and V had shrinkage values less than 
the average. This indicates, to some extent, the degree 
of overlapping obtained with the different types of cement. 

An increase in the percentage of water required for 
normal consistency of the neat cement pastes was associ- 
ated with an increase in the shrinkage at 24 hours, but 
not at later ages. An increase in water was also associated 
with a decrease in the time of cracking of the annular 
specimens. 

An increase in tetracalcium aluminoferrite (C,AF) 
was associated with a decrease in shrinkage at 24 hours 


and an increase in the time required for the annular speci- 
mens to crack. 

An increase in MgO was associated with an increase 
in shrinkage at 7 and 28 days and with a decrease in 
shrinkage of the prisms at the time of cracking of the 
annular specimens. 

An increase in Na.O was associated with an increase 
in shrinkage at 28 days and 6 months and a decrease in 
the time of cracking of the annular specimens. 

An increase in K.O was associated with an increase 
in shrinkage at all ages and with a decrease in the time 
of cracking of the annular specimens. 

An increase in the fineness of the cements was also 
associated with a decrease in the nonrestrained shrinkage 
at the time of cracking of the annular specimens and 
with a decrease in the time required for the annular 
specimens to crack. 


1 For complete details see, Blaine, R. L., Arni, H. T., and Evans, D. N., 
Interrelations Between Cement and Concrete Properties, Part 4, Nat. Bur. 
Stand. (U.S.), Bldg. Sci. Ser. 15 (Mar. 1969). 


W. D. GEORGE MEMORIAL AWARD 


THe W. D. Georce MemoriaL AwarbD for the best 
undergraduate student project on instrumentation related 
to the activities of the Institute of Electrical and Elec- 
tronics Engineers will be given again in 1970 under the 
liberalized rules adopted for the 1969 award. The stu- 
dent project may be construction and operation of an 
instrument or the theoretical discussion of the principles 
and limitations of an instrument. 

The W. D. George Memorial Award honors William D. 
George, a distinguished radio scientist who was instru- 
mental in advancing the standard time and frequency 
programs of the National Bureau of Standards at Boulder, 
Colo. George died in a 1963 automobile accident in 
Switzerland while serving as a U.S. delegate to the Inter- 
national Radio Consultative Committee meetings. Con- 
tributions by his friends established the award which the 
IEEE Instrumentation and Measurement Group adminis- 
ters and from which cash awards are made. The award, 
which is given at an appropriate meeting of the IEEE, 
consists of a Certificate of Recognition and cash in the 
amount of $100. 

Nominations for the 1970 award are to be made by a 
letter from one of the student’s professors in his major 
field. The letter must give the date of the student’s degree, 
verify the subject matter of the work on which the nomina- 
tion is based, and be accompanied by evidence of the 
work in either of two forms: 

(1) For nominations based on an unpublished report 
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written by the candidate and giving a definite conclusion, 
six copies of the report. The work must have been com- 
pleted within the academic year preceding the award 
(1968-69 for the 1970 award). 

(2) For nominations based on a paper accepted for 
publication in an IEEE journal during the 18 months pre- 
ceding the year of the award (July 1, 1968 to Decem- 
ber 31, 1969, for the 1970 award), six reprint or preprint 
copies of the candidate’s paper on his student project. 
In the case of multiple authorship only one author will 
be accepted as a candidate and the nominating letter 
must specify the degree of his participation. 

Each student project may be used to support nomina- 
tion for only one year. Letters and evidence for nomina- 
tions should be received by January 15 of the award year 
by: R. A. Soderman, IEEE Instrumentation and Meas- 
urement Group, General Radio Co., Bolton, Mass. 01740. 

The Selection Committee is headed by Yardley Beers 
of the National Bureau of Standards. The other members — 
of the Selection Committee are: George E. Anner (Uni- 
versity of Illinois), Bruce B. Lusignan (Stanford Uni- 
versity), A. G. Jordan (Carnegie-Mellon University), 
William J. Barclay (North Carolina State University), 
and Donald T. Hess (Polytechnic Institute of Brooklyn). 
Submitted material will not be returned unless accom- 
panied by a self-addressed and stamped envelope. The 
award may be withheld if the Selection Committee be- 
lieves none of the nominees has sufficient merit. 
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TESTING PROGRAMS FOR THE APPAREL INDUSTRY 


THE INCREASED COMPLEXITY OF TEXTILE PRopucts and 
the competitive nature of commerce demand an “insurance 
policy” for the apparel manufacturer to assure that the 
merchandise ordered by the manufacturer meet his pur- 
chase requirements, thus forestalling the cutting or fabri- 
cation of garments from seriously defective materials. 

A project to assist small apparel manufacturers in the 
evaluation of apparel materials was initiated at the NBS 
Institute for Applied Technology in collaboration with the 
Apparel Research Foundation, Inc. (ARF). The research 
was conducted by Josephine M. Blandford and Phyllis 
L. Bensing of the Institute’s Product Evaluation Division 
with funds derived from Public Laws enacted by Congress 
in 1963 for a U.S. Department of Commerce Civilian 
Industrial Technology Program to aid the textile and 
apparel industries. 

To decide the objectives of the project, the apparel 
industry was surveyed to determine its need for testing 
procedures for quality control and how this need could 
best be served. On this premise—that most apparel com- 
panies lack such testing procedures—the investigators 
sought firsthand information on: (1) problems encoun- 
tered with the purchase and performance of apparel 
materials and components; (2) current testing practices 
within the industry; (3) the properties for which tests 
are needed; and (4) the use of tests, if they were made 
available and if the required equipment could be obtained 
at a minimum cost. 

The results of the surveys showed that the majority 
of the industry’s problems relate to new materials and 
processes, a lack of compatibility of the materials and 
components purchased, and the unsatisfactory perform- 
ance of the products fabricated. Unsatisfactory perform- 
ance, measured by the failure of the product to pass 
standard tests that determine its conformance to purchase 
requirements, was cited as the principal cause of returns 
and rejects of apparel, and subsequent financial loss. 

After an NBS—ARF review of the results, the consensus 
was that the paramount need of the industry is to have 
standard tests to evaluate the essential properties affecting 
the appearance, compatibility, and performance of ma- 
terials. It was decided that this information could be 
most effectively provided in a publication presenting a 
basic testing program covering test procedures for the 
specific properties requested by the majority of the manu- 
facturers participating in the survey. This was incorpo- 
rated in the “Minimum Testing Program” based on an 
expenditure of $800 to $1000 for basic testing equipment 
and evaluation materials. 

An expansion of this basic program, and indeed a 
major achievement of the NBS—ARF project is the pres- 
entation in one publication * of three proposed testing pro- 
grams for various levels of technical sophistication. These, 
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the “Minimum ... ,” “Intermediate ... ,” and “Ad- 
vanced Testing Programs,” are each applicable to all seg- 
ments of the apparel industry: women’s and girls’, men’s 
and boys’, foundation garments and lingerie, and chil- 
dren’s apparel. The choice of one of these programs, in 
while or in part, is the prerogative of the apparel manu- 
facturer based on specific testing needs and the funds 
available. 

This publication presents the details of the minimum, 
intermediate, and advanced textile testing programs. 
Tabulations give testing equipment, properties its use 
may determine, testing procedures and evaluation ma- 
terials employed, sources of supply, and approximate 
prices of the equipment and evaluation materials. 

Included in the text are: sections on the significance 
of a textile testing program, conditioning for testing tex- 
tiles, performance requirements for textile fabrics, the 
evaluation of fabric defects, and reprints of the fifty-nine 
referenced test methods, essentially those of the American 
Society for Testing and Materials (ASTM), the American 
Association of Textile Chemists and Colorists (AATCC), 
and the Federal Government. 

Related to the effective use of this book and its pro- 
grams is another “first” for the apparel industry—making 
available to the industry a short laboratory training pro- 
gram for apparel company employees. 

This program consists of two-day workshops covering 
the test methods and evaluation procedures that comprise 
the Minimum Testing Program. It is designed especially 
for the apparel manufacturer who wishes to initiate a 
testing program and must utilize the services of a non- 
technical company employee. It also provides a service 
to more technically oriented apparel companies who ex- 
perience difficulties in hiring or training technicians. 

From the nationally recognized educational, testing, 
and research organizations offering to present this pro- 
gram, the AATCC was selected. The course content was 
finalized by the NBS and ARF, with the latter handling 
all publicity and arrangements. Three of these workshops 
were held in April, May, and June at AATCC Head- 
quarters Laboratories. All were fully subscribed and 
eminently successful. 

As evidence of the value to the industry of this project’s 
achievements, the Apparel Research Foundation presented 
Miss Blandford and Mrs. Bensing two of their three 1968 
annual Distinguished Service Awards for outstanding 
contributions to the apparel industry. 


1Testing Programs for the Apparel Industry—Evaluation of Materials 
and Components. Josephine M. Blandford and Phyllis L. Bensing. Part I, 
text, 31 pages; Part II, reprints, 222 pages: October 1, 1968. Published 
by The Apparel Research Foundation, Inc., Suite 823, 1120 Connecticut 
Ave. NW., Washington, D.C. 20036. (Domestic and foreign price list avail- 
able upon request from ARF.) 
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ASTIN RETIRES—BRANSCOMB APPOINTED 
6th NBS DIRECTOR 
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ALLEN V. ASTIN, Director oF THE NATIONAL BUREAU 
of STANDARDS FOR THE LAST 17 YEARS, RETIRED ON 
AucusT 3], AFTER 37 YEARS OF GOVERNMENT SERVICE. 


Dr. Astin’s tenure was marked by exceptional leadership 
of the Bureau during a critical period of its 68-year his- 
tory. His dedication to competence and integrity, coupled 
with a concerted effort to better understand, extend, and 
refine a national system of physical measurement, brought 
about the broad recognition of precision measurement as 
a major factor in economic growth and technological su- 
premacy. As a scientific administrator his emphasis on the 
importance of a high level of performance in Federal 
laboratories has helped bring about an increased under- 
standing and appreciation for the significant role of the 
professional scientist and engineer in Government. 

At the time of Dr. Astin’s appointment, the work of the 
Bureau was severely hampered by overcrowded and inade- 
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Lewis M. Branscomb (right), the Bureau’s 
new Director, and Allen V. Astin, the 
former Director, inspect a model of the 
Bureau’s ultramodern laboratory complex 


in Gaithersburg, Md. 


LEWIS M. BRANSCOMB BECAME THE NEW DIRECTOR 
OF THE NATIONAL BUREAU OF STANDARDS UPON THE 
RETIREMENT OF FORMER DrREcTOR ALLEN Y. ASTIN. 


Dr. Branscomb is an internationally-known atomic 
physicist and career Federal scientist-administrator and 
until recently was a member of the President’s Science 
Advisory Committee. He is the only working scientist 
ever selected from the staff of a Federal laboratory to 
serve on that Committee. He has been a Bureau staff mem- 
ber for 18 years, and for the last eight has been Chief 
of the NBS Laboratory Astrophysics Division in Boulder, 
Colorado, a unit of the Joint Institute for Laboratory 
Astrophysics (JILA). 

The organization of JILA in 1962 under an agreement 
between NBS and the University of Colorado was largely 
brought about through Dr. Branscomb’s efforts. This con- — 
stituted a milestone in that it was the first successful estab- 
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quate facilities. Accordingly, in 1955 he began the plan- 
ning for what has become a complex of ultramodern lab- 
oratories on a 570-acre site near Gaithersburg, Maryland. 
These new quarters constitute a unique central research 
facility available to other Government agencies and to the 
scientific and industrial communities. 

Dr. Astin also played a strong and vigorous role in 
bringing about international agreements and cooperation 
relating to units and standards for physical measurement. 
He took a leading part in efforts that resulted in the adop- 
tion of an atomic standard for length, a step that was es- 
sential if measurement systems were to meet the require- 
ments of modern science and technology. 

Born in Salt Lake City, Utah, in 1904, Dr. Astin was 
educated at the University of Utah (B.S., physics) and 
New York University (M.S. and Ph.D., physics). (He also 
has been awarded honorary doctorates by Lehigh, George 
Washington, and New York Universities. ) 

From 1928-30 he was a National Research Council Fel- 
low at Johns Hopkins University, where he investigated 
measurement techniques for dielectric materials. From 
1930-32, he was an NBS Research Associate from the 
NRC and the Utilities Research Commission, Inc. 

Dr. Astin became a Bureau staff member in 1932. Two 
principal areas in which he worked were dielectrics and 
electronic instrumentation. Late in 1940, as NBS resources 
were being mobilized for defense work, he joined the 
Bureau group beginning work on proximity fuzes. He 
became Chief of the Optical Fuze Section in 1943, Assist- 
ant Chief of the Ordnance Development Division in 1944, 
and Chief of the Division in 1948. 

In May 1950, Dr. Astin was appointed NBS Associate 
Director and served as Acting Director from October 1951 
to June 1952, when he was named Director. 

His awards include the following: His Majesty’s Medal 
for Service in the Cause of Freedom, 1947; Presidential 
Certificate of Merit, 1948; Commerce Department Gold 
Medal for Exceptional Service, 1952; Eli Whitney 
Memorial Award, American Society of Tool Engineers, 
1960; Scott Gold Medal, American Ordnance Association, 
1962; Rockefeller Public Service Award, 1963. 

He is a member of the National Academy of Sciences 
and numerous technical societies and is a Fellow of the 
American Physical Society, the Institute of Radio Engi- 
neers, the Institute of Electrical and Electronics Engineers, 
and the American Association for the Advancement of 
Science. He has lifetime memberships in the Instrument 
Society of America, the Standards Engineers Society, Inc., 
the American Dental Association, and the American 
Society for Heating, Refrigerating, and Air-Conditioning 
Engineers, Inc. 

He is the author of numerous publications on the stand- 
ardization and improvement of measurement standards 
and measurement techniques. 
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lishment of a program of continuous and productive 
collaboration between a university and a Government 
agency. JILA’s program is devoted to research and gradu- 
ate study in atomic physics, astrophysics, and related 
sciences. A chairman is elected every two years by its 
permanent senior staff, the Fellows, and the chairmanship 
is rotated regularly between University and Bureau per- 
sonnel. Dr. Branscomb has twice served as Chairman, the 
second term extending from January 1968 until his nomi- 
nation by President Nixon to the Directorship of NBS. 

The international scope of Dr. Branscomb’s achieve- 
ments is indicated by his participation over the years in 
the work of three scientific unions: the International Union 
for Geodesy and Geophysics, the International Union of 
Pure and Applied Physics, and the International Astro- 
nomical Union. . 

Born in Asheville, North Carolina, on August 17, 1926, 
Dr. Branscomb was educated at Duke (A.B. 1945, summa 
cum laude) and Harvard Universities (M.S. 1947, Ph.D. 
1949). After holding a Public Health Service fellowship, 
he was a Junior Fellow in the Harvard Society of Fellows 
(1949-51). Since then Dr. Branscomb has taught at Uni- 
versity College, London, the University of Maryland, and 
the University of Colorado, where he was Professor 
Adjoint of Physics. 

The National Civil Service League, in selecting Dr. 
Branscomb as one of the ten recipients of its Career Serv- 
ice Awards in 1968, cited him for his demonstrated ability 
“to smooth the interaction of technology and our society,” 
and for his contributions to the evaluation and planning 
of U.S. scientific programs and policies affecting national 
defense, space, and atomic energy. 

This award to Dr. Branscomb followed many others, 
including the Rockefeller Public Service Award, 1957-58; 
a Commerce Department Gold Medal for Exceptional Serv- 
ice, 1961 (for contributions to basic knowledge of atomic 
processes of stellar atmospheres, terrestrial ionosphere 
and interplanetary space) ; the Arthur Flemming Award, 
District of Columbia Junior Chamber of Commerce, 1962; 
and the Samuel Wesley Stratton Award (named for the 
first NBS Director), National Bureau of Standards, 1966. 

Dr. Branscomb serves as a Special Consultant to the 
Secretary General of the Organization for Economic Co- 
operation and Development on matters of scientific and 
technical information. He also is Chairman of the Panel 
on Space and Technology of the President’s Science Ad- 
visory Committee. 

He is a former Chairman of the Division of Electron 
and Atomic Physics of the American Physical Society and 
is now Editor of Reviews of Modern Physics. 

He has contributed extensively to the literature on upper 
atmospheric physics, spectroscopy, photodetachment of 
negative ions, physics of negative ions, astrophysics, and 
atomic collisions. 
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THE WHITE HOUSE 


WASHINGTON 
August 8, 1969 


Dear Dr. Astin: 


As you retire from the United States Department of 
Commerce after thirty-seven years in the National 
Bureau of Standards, you take with you the nation's 
appreciation for your services to science and to 
government. 


Twentieth Century science and the National Bureau 
of Standards have grown up together. Since its 
founding in 1901, and with increasing effectiveness, 
this agency has served as a basic resource for dis- 
coverers and innovators who have changed the face 
of our scientific and technological landscape. As 

a dedicated member of its staff -- and, for one- 
quarter of its history, as its Director -- you have 
ranked high in the distinguished company of pioneers 
of science who have worked directly for the bureau. 
You leave a magnificent legacy in the laboratory 
complex at Gaithersburg, Maryland. It is the high- 
est tribute that can be paid to your years of careful 
planning and practical, skillful implementation. 


The nation and its economy rely on standards and 
technology made possible by the measurement re- 
search, testing and services provided at this facility. 
U.S, science and technology, thus supported, is in- 
creasingly relevant to the most pressing problems 

of our time. You have made unique contributions to 
the attainment of this relevance, and the nation is 
proud to acknowledge its enduring debt to you. 


Sincerely, 


¢ 
Het. fVp-— 
Dr. Allen V. Astin 


Director, National Bureau 
of Standards 
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Color composite photographs are produced using an ordinary copying camera and rapid-access film. The image is held in an 
evacuated holder and color filters are placed in front of the lens during photographing. The result is a color representation of 
the specimen’s microstructure in terms of its elemental composition. 


COLOR SEPARATION TECHNIQUE 
SIMPLIFIES COLOR METALLOGRAPHY 


As A VALUABLE TOOL IN THE EVALU- 
ATION of experimental data, color pho- 
tography is now being used in many 
fields of research. At the Bureau, 
scientists are making wide use of 
composite color photographs of elec- 
tron microprobe images.' The net 
result is a color representation of the 
microstructure of a specimen in 
terms of its elemental composition. 
Developed by NBS Institute for Ma- 
terials Research members Harvey 
Yakowitz and Kurt F. J. Heinrich, 
the method has application in 
archeology, biology, dentistry, fail- 
ure analysis, metallurgy, meteorites, 
mineralogy, and other fields. 

The current emphasis on the use 
of color in metallography at NBS 
results from the simplicity, economy, 
and good results that can be obtained 
with this procedure. In addition, 
sometimes only color photography 
can provide the additional informa- 


tion that is essential to a correct 
interpretation of data. 

The color composite is prepared 
from the x-ray scans produced by 
the electron probe microanalyzer, 
one scan being made for each ele- 
ment in the specimen. In the probe a 
focused beam of electrons scans over 
the surface of a specimen causing 
x rays characteristic of that specimen 
to be emitted. This electron beam is 
scanned synchronously with the 
sweep on a cathode ray tube. The 
result is a magnified image of the 
specimen that appears on the cathode 
ray tube as a pattern of dots of light 
(areas of high x-ray emission) 
against a black background (no ex- 
posure). A black-and-white photo- 
graph of each of these patterns is 
the basis for the color composite. 

Each of these black-and-white 
prints, or separation positives, is pho- 
tographed using red, green, or blue 


color filters and successively stored 
on the color film. Added together in 
varying proportions, the primary col- 


ors (red—R, green—G, blue—B) 
produce mixed _ colors — yellow 
(R+G), magenta (R+B), cyan 
(B+G), and white (R+B+G). 


Proper balance of color on the film 
is achieved when the addition of 
equal lightnesses on a l6-step gray 
scale reproduces the gray scale on 
the color photograph. With the use 
of rapid-access color film, the com- 
posite can be examined immediately. 
And, should adjustments to the com- 
posite be needed or desired, they can 
be made with little loss of time. 

The final color composite offers 
qualitative information; that is, it 
tells whether one, two, or three ele- 
ments occur at the same place in the 
microstructure. The  metallurgist 
often can use such qualitative infor- 
mation to identify a precipitate, an 
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inclusion, or an oxide phase occur- 
ring within a specimen. To extract 
this information, the composite is 
interpreted in terms of the primary 
colors representing each element. For 
example, if iron on a separation posi- 
tive is made red and nickel on the 
second separation is made blue, any 
iron-nickel alloy present on the com- 
posite appears as a red-blue mixture 
(magenta). All magenta regions on 
the composite can then be interpret- 
ed as resulting from the simultaneous 
presence of iron and nickel. 

A recent use of this procedure in- 
volved a heated dental amalgam. 
Crystals appeared in the amalgam, 


Black-and-white electron probe scans of a 
dental amalgam serve as the separation 
positives for the color composite. 

Each scan is for a single element—Ag, Hg, 
or Sn. The color composite provides 
additional information needed to interpret 
the data. Here dendrites as well as other 
phases are immediately apparent. Dendrites 
rich in Sn appear red; the matrix (Hg-Ag 
combination) is cyan; Ag-Sn combination 
is yellow; a few particles containing 

Ag, Hg, and Sn are white. Scanned area: 
275 um x 220 wm. 


but because of the height of these 
crystals above the surface, the speci- 
men could not be examined satisfac- 
torily by ordinary optical micro- 
scopy. The great depth of focus that 
was needed was provided by the 
x-ray area scans from the electron 
microprobe. A color composite of 
these scans served as a satisfactory 
“micrograph” of the structure, be- 
sides showing the composition of the 
specimen. 


1Yakowitz, H., and Heinrich, K. F. J., Color 
representation of electron microprobe area-scan 
images by a color separation process, J. Res. NBS 
73A (Phys. and Chem.), No. 2, 113 (Mar.-Apr. 
1969). 


These black-and-white electron microprobe 
area scans represent the phases present in 

a cracked nickel-base superalloy. From 
separate scans—one each for Ni, Cr, and 
Al—the exact positions of the phases 

in the microstructure, as well as the 
locations of superposed elements, are 
difficult to discern. The data contained in 
these scans are more readily interpreted in 
the color composite in which Al shows as 
red, Cr shows as green, Ni shows as blue, 
and superposed elements show as mixed 
colors. The composite shows that oxides of 
Cr and Al formed during service 

caused the crack to propagate. Chromium 
oxidizes rapidly, after which Al 

oxidizes. This mechanism is illustrated by 
the Al shell around Cr. Scanned area: 

56 um x 40 um. 
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MEASUREMENT 
OF LIGHT 
FREQUENCIES 


A METHOD FOR OBTAINING PRECISION MEASUREMENTS of 
the frequency of visible light, by directly relating these 
measurements to the microwave frequency standards 
provided by atomic clocks,’ is being developed at the 
NBS Institute for Basic Standards. The method was 
conceived by atomic physicists Z. Bay and G. G. Luther? 
of the Institute’s Atomic and Molecular Physics Division. 
The aims of the method extend beyond frequency meas- 
urements to include the establishment of reference lines 
for spectroscopy and length measurements, and to im- 
prove precision in measuring the speed of light, c. Sub- 
sequently, time-of-flight measurements by porrestrial and 
space radar may be translated to direct distances using 
the new method. 

The main pieces of apparatus used in this method 
include a helium-neon gas laser, a microwave modulated 
electro-optic crystal, and a Fabry-Perot interferometer. 
Extremely sensitive servo systems that position the re- 
flecting mirrors of both the laser and interferometer are 
responsible for the great precision in measurements us- 
ing the new method. 

The laser beam of frequency v is modulated electro- 
optically at the microwave frequency w, by a potassium- 
dihydrogen-phosphate (KDP) crystal placed inside the 
laser cavity. The modulation generates two sidebands 
having frequencies, y-+w and v—wo, which are separated 
from the main laser beam by passage through a bire- 
fringent calcite plate. The two sidebands then enter an 
evacuated Fabry-Perot interferometer of very high 
finesse. A double servo system adjusts the length of the 
interferometer and simultaneously the length of the laser 
cavity so that both sidebands are transmitted with maxi- 
mum transparency through the interferometer. From the 
theory of the Fabry-Perot interferometer, the ratio of 
the two measured sideband frequencies (y+) /(v—o) 
can be deduced to equal the ratio of two known integers 
—the so-called order numbers, N, that refer to the total 
number of wavelengths of each frequency analyzed by 
the interferometer. Since the difference of the two fre- 
quencies, 2», is known very precisely with respect to the 
frequency standard, one is able to compute the stabilized 
optical frequency, v, as a rational multiple of o. Thus 
the measurement of the very high optical frequencies 
(as high as 10'* to 10° Hz, for which no direct measur- 
ing devices, operating fast enough, are known at present) 
is reduced to the known techniques of the measurement 
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Zoltan Bay alines a KDP crystal with the active beam of a 
helium-neon gas laser in preparing to redetermine the 
velocity of light. 


of the relatively low (10'° to 101" Hz) 
frequencies. 

The computation for determining the laser frequency 
requires neither the knowledge of c nor the use of any 
length measurements. This suggests that the new method 
may have interesting applications for future measuring 
techniques. 

The present experiments have incorporated the 6328 


microwave 


A red line of a helium-neon laser, but the stabilization 
and frequency measurement is applicable to any laser 
line. Reference lines for spectroscopy can be established 
throughout the spectrum in terms of stabilized laser lines 
of known frequencies. 

Combining corresponding wavelength (A) and _ fre- 
quency (v) measurements leads to a redetermination of 
c by applying the equation c=Av. Since the expectation 
is that the new method can provide frequency measure- 
ments with a precision of one part in 10°, or better, the 
limiting accuracy in the measurement of c will be given 
by that of the krypton-86 line that defines the meter at 
present to one part in 10%. In the future two different 
approaches to the problem of improving the length 
standard are possible. 

In the first approach, the precision of the length stand- 
ard can be improved by choosing one well stabilized 
laser line, instead of the krypton-86 line emitted by a 
gas-discharge lamp. 

The second approach is to base the new definition of 
the meter on a specified value of c such that it is com- 
patible with the present meter. Then all the reference 
lines of known frequencies can serve simultaneously as 
reference lines for length measurements because their 
wavelength is known as A4=c/v. It follows from a basic 
contention of present theoretical physics that the value 
of c remains the same regardless of the local frame of 
measurement reference. : 

The comparison of frequencies represents an easier 
task for future metrology than the intercomparison of 
wavelengths in distant parts of the spectrum. Therefore, 
Drs. Bay and Luther prefer the second approach for a 
new and final definition of the meter. 


1 Atomic second adopted as international unit of time, Nat. Bur. Stand. 
(U.S.), Tech. News Bull. 52, No. 1, 10-12 (Jan. 1968). 

2 Bay, Z., and Luther, G.. G., Locking a laser frequency to the time 
standard, Appl. Phys. Letters 13, No. 9, 303-304 (Nov. 1968). 


The NSRDS was established to make critically evaluated 
data in the physical sciences available to science and tech- 
nology on a national basis. The NSRDS is administered 
and coordinated by the NBS Office of Standard Reference 
Data. 


NRC’s Role in Critical Tables* 


In 1919, three years after the establishment of the Na- 
tional Research Council, the International Union of Pure 
and Applied Chemistry met in London, and gave birth 
to a new project, the International Critical Tables of 
Numerical Data of Physics, Chemistry, and Technology. 
For this project, the United States was assigned the 
financial and editorial responsibility. 

The National Academy of Sciences-National Research 
Council (NAS-NRC) accepted the executive, editorial, 
and financial responsibilities for the United States. With 
the cooperation of industry, the American Chemical 
Society, and the American Physical Society, NAS created 
a Board of Trustees to take charge of the financial and 
business administration and established a Board of Editors 
to supervise the preparation of the Tables. Edward W. 
Washburn of the National Bureau of Standards, one of 
the leading physical chemists of our country at that time, 
became Editor-in-Chief. In 1923 the International Re- 
search Council, now the International Council of Scientific 
Unions, met in Brussels and gave its patronage to the 
projects. 

This famous collection of numerical data, the /nter- 
national Critical Tables, was the result of cooperative 


*Much of this material is based on the presentation of Frederick D. 
Rossini, Chairman, Executive Committee of the Office of Critical Tables, at 
the Meeting of the Advisory Board of the Office of Critical Tables of the 
National Research Council held at the National Academy of Sciences in 
Washington, D.C., November 18, 1968. 
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efforts by more than 400 scientists in 18 different coun- 
tries. Seven volumes, totaling nearly 3500 pages, were 
published between 1926 and 1930, and a separate index 
followed in 1933. It was hoped that the Tables would be 
a continuing operation, with revisions and supplements 
from time to time. Unfortunately, Dr. Washburn died 
in 1934 and this continuity was never achieved. The 
continuing importance of these Tables to world science 
and technology is evident from the number of sets still 
being sold today—42 years after their original issue. 

About 1940 NRC established a Committee on Tables of 
Constants. Although this Committee considered it desir- 
able to have a revision of the /nternational Critical Tables, 
it saw no ready solution to this problem. This Committee 
devoted its efforts to supervising two data-compiling proj- 
ects—one on chemical kinetics data and one on nuclear 
data. 

About 1954 the Committee, under the new chairmanship 
of NBS Director A. V. Astin, appointed an ad hoc sub- 
committee to recommend a definite course of action for 
providing numerical data for science and technology in 
the United States. 

The subcommittee’s report, which the parent Committee 
accepted, included the following statements and 
recommendations: ) 


1. There was no hope of repeating the work of the 
International Critical Tables as one large compilation, 
for the following reasons: 

a. Science and engineering have areas that never existed 

before, requiring totally new data. 

b. The previously known areas of science and engineer- 

ing have expanded greatly in size, requiring many 
times more data than before. 
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c. The precision of measurement in science, and the 
precision of manufacturing in industry, have been 
pushed to a new magnitude, requiring more ac- 
curate data of greater precision. 

d. An adequate and complete revision and extension 
of the International Critical Tables would today cost 
perhaps 200 times as much as the original—up- 
wards of $40 million. Further, provision for con- 
tinuity would be required—an important element 
previously lacking. 


2. From 1938 to 1955 other data-compiling projects, 
operating on a continuing basis, had come into existence 
in the United States. These projects together totaled ex- 
penditures of more than $1 million per year, and included 
the following, among others: 

a. The American Petroleum Institute Research Project 
44. on physical, thermodynamic, and spectral prop- 
erties of hydrocarbons and related compounds. 

b. The Manufacturing Chemists’ Association research 
project on physical, thermodynamic, and spectral 
properties of chemical compounds. 

c. The U.S. Atomic Energy Commission Project on 
nuclear data. 

d. The U.S. Bureau of Mines Project on thermodynamic 
data on metallurgical compounds. 

e. The Purdue University Center on thermophysical 
properties. 

f. The Dow Chemical Company project on thermody- 
namic properties of selected compounds. 

g. Several National Bureau of Standards projects on 
thermodynamic, atomic, and other properties of a 
large variety of compounds. 


Any new overall plan for replacing the /nternational 
Critical Tables would have to take the foregoing operating 
projects into consideration. 

The report concluded that a new plan should be pro- 
vided, and recommended the establishment under NRC 
of an Office of Critical Tables, with appropriate 
responsibilities. 

In 1957, NRC established the Office of Critical Tables 
with Guy Waddington as Director. The Office was given 
the following objectives: 


1. To survey the needs of science and industry for criti- 
cal tables of numerical data. 

2. To stimulate and encourage existing continuing data- 
compiling projects. 

3. To promote uniform editorial policy and procedures, 
with the use of internationally approved constants, units, 
and symbols. 

4. To provide a directory-survey of continuing data- 
compiling projects. 

5. To assist in established needed data-compiling proj- 
ects for new scientific areas, with financial support. 
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Within NRC, the Office of Critical Tables was set up as 
a joint responsibility of four Divisions: Engineering, 
Earth Sciences, Physical Sciences, and Chemistry and 
Chemical Technology, with the last handling the admin- 
istrative work. 

Under an Executive Committee headed originally by 
Allen V. Astin and since 1963 by Frederick D. Rossini, 
and with the support of an Advisory Board made up of 
representatives from interested scientific and technical 
agencies, the OCT has served a much needed function as 
a national focus for the stimulation of interest in data 
compilation and for the dissemination of information 
about existing projects. It has served effectively also as 
the U.S. agent for international cooperation in its field. 

During the past few years, two developments have come 
to fruition in which OCT played a major contributing role. 

In 1963, in accord with a federal policy promulgated by 
the Director of the Office of Science and Technology, the 
National Standard Reference Data System was created in 
the National Bureau of Standards. 

In 1966, under the aegis of the International Council of 
Scientific Unions, a Committee on Data for Science and 
Technology (CODATA) was organized to promote coor- 
dination of data-compilation activities on a worldwide 
basis, and to stimulate the interest and cooperation of 
appropriate funding agencies. A Central Office for 
CODATA was established for a two-year initial period 
at the National Academy of Sciences, and was transferred 
in 1968 to Frankfurt under the direction of Christoph 
Schafer. Financial support is being contributed from a 
number of nations, including the United States. Dr. Ros- 
sini has been U.S. National Representative and President 
of CODATA since its inception, and has personally been 
responsible for much of its development. 

These two developments have absorbed much of the 
staff activities previously done by OCT. Despite this and 
Dr. Waddington’s retirement on June 30, 1969, both the 
NBS Office of Standard Reference Data and CODATA/ 
ICSU consider as being very desirable the links with the 
U.S. scientific and engineering community that can be 
provided through NRC. : 

Accordingly, the NRC Governing Board approved the 
establishment of a new organizational unit to be called 
the Numerical Data Advisory Board, consisting of a small 
number of members and having the following primary 
functions: 


1. Advisory services to the National Standard Reference 
Data System through panels of specialists convened at the 
request of the NBS Office of Standard Reference Data. 

2. Liaison between the scientific community and 
CODATA/ICSU through a U.S. National Committee for 
CODATA. 


In addition, NRC will maintain through the Numerical 
Data Advisory Board continuing interest in the progress 
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of data-compilation projects funded outside NSRDS and 
in the promotion of uniform practice in regard to inter- 
nationally accepted symbols, units, constants, and nomen- 
clature by the data-compiling projects in the United States. 

The Office of Critical Tables was discontinued as of 
June 30, 1969. Essential continuity is provided by Dr. 
Rossini’s agreement to serve as Chairman of the Numeri- 
cal Data Advisory Board, with H. van Olphen as Staff 
Officer. Dr. Waddington is serving as a part-time con- 
sultant during this period. 


Optical Atomic Spectra 


The three published volumes on Atomic Energy Levels, 
NBS Circ. 467, contain for each spectrum the bibliog- 
raphy that was used in compiling the data. Bibliography 
on the Analyses of Optical Atomic Spectra, Section 3, 
by Charlotte E. Moore, NBS Spec. Publ. 306, is a con- 
tinuation of these bibliographies arranged in the same 
form. The time interval is the span from the respective 
dates of the earlier publications to the present. The 
selection of references is restricted to those needed for the 
preparation of revised tables of atomic energy levels and 
multiplets. 

The bibliography is being published by Sections, each 
of which covers the same elements as the respective 
volumes of AEL. Section 11 ($1) was issued in Septem- 
ber 1968; it contains references for the elements 1H 
through **V, corresponding to AEL Volume I. Section 
21 (60 cents) appeared in February 1969; as in AEL 
Volume II, the references cover the elements **Cr through 
“1Nb. 

The recently published Section 37 (50 cents) is simi- 
larly arranged, giving references to the spectra of the 
elements *7Mo through *’La and “Hf through *Ac, and 
corresponds to AEL Volume III. For a given element 
the spectra are listed in order of increasing stage of 
ionization. 

The original papers have been examined for nearly 
all of the quoted references. 


Bibliography of Atomic and Molecular Processes 


The tenth and latest in the series of annotated bibliog- 
raphies on atomic and molecular processes, Bibliography 
of Atomic and Molecular Processes for July-December 
1968,’ has been published by the Atomic and Molecular 
Processes Information Center, Oak Ridge National 
Laboratory. The work of the Center is under joint spon- 
sorship of the U.S. Atomic Energy Commission and the 
NBS Office of Standard Reference Data. Part I of this 
publication is an annotated bibliography containing 
references of interest to atomic and molecular collision 
research. The references are classified into 12 major cate- 
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gories with appropriate subcategories. Each entry in the 
respective category is listed alphabetically by first author 
and includes the reactants of the collision process. Part 
II is a listing of scientists engaged in or interested in the 
field of atomic and molecular collision physics. Part III 
lists Russian scientists working in atomic collision physics. 


Microwave Spectral Tables 


NBS Monograph 70, Volume III, Polyatomic Molecules 
With Internal Rotation? ($4.25), by P. F. Wacker, M. S. 
Cord, D. G. Burkhard, J. D. Petersen, and Raymond 
Kukol, is the last volume published in the 5-volume com- 
pilation of data entitled Microwave Spectral Tables, which 
was begun in 1953. It contains data on 94 polyatomic 
molecules capable of exhibiting internal rotation. These 
data are based upon a systematic search of the literature 
up to July 1962 and include some information of later 
dates. This compilation contains measured frequencies, 
assigned molecular species, and assigned quantum num- 
bers for about 9000 spectral lines of polyatomic molecules 
with internal rotation observed by coherent radiation 
techniques. Molecular data, such as rotational constants, 
dipole moments, and various coupling constants, deter- 
mined by such techniques, are also described. Indices 
according to empirical formula and according to chemical 
name are provided. A bibliography of about 400 refer- 
ences is also included. The other volumes * of this mono- 
graph series are Vol. I, Diatomic Molecules ($2) ; Vol. II, 
Line Strengths of Assymetric Rotors ($3); Vol. IV, 
Polyatomic Molecules Without Internal Rotation ($5.50) ; 
Vol. V, Spectral Line Listing ($4.75), which contains a 
numerical listing of spectral lines given in Volumes I, 


III, and IV. 


High Temperature Chemistry and Physics 
of Materials 


The second in a quarterly series of Bibliographies cover- 
ing the high temperature chemistry and physics of mate- 
rials compiled under the auspices of the International 
Union of Pure and Applied Chemistry Commission on 
High Temperatures and Refractories has been published 
as Bibliography on the High Temperature Chemistry and 
Physics of Materials 1 (75 cents), NBS Spec. Publ. 315-1. 
It covers the period of January-March 1969. The bibli- 
ography consists of references to research papers involving 
temperatures above 1000 °C. As it is intended primarily 
as a current-awareness bibliography, it contains no cross- 
referencing or indexing. This issue contains about 700 
references grouped under 15 subject headings. 


1 Available from the Superintendent of Documents, Government Printing 
Office, Washington, D.C. 20402, for the price indicated. 

* Available from the Atomic and Molecular Processes Information Center, 
Oak Ridge National Laboratory, Oak Ridge, Tenn. 37831. 
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CONFERENCE ©: PUBLICATION Briefe 


10th SYMPOSIUM ON ELECTRON, ION, 
AND LASER BEAM TECHNOLOGY 


Laser and electron beams are increasingly being applied 
by industry to perform highly skilled tasks such as intri- 
cate machining and massive welding. These applications 
and related technical subjects were discussed at the 10th 
Symposium on Electron, Ion, and Laser Beam Technology 
from May 21-23, 1969, at the National Bureau of Stand- 
ards, Gaithersburg, Md. 

The Symposium attracted a worldwide audience of over 
150 people interested in the rapid scientific and engineer- 
ing advances in these fields. The Bureau sponsored this 
annual event in conjunction with the Institute of Electrical 
and Electronics Engineers, the American Vacuum Society, 
the University of Maryland, the National Science Founda- 
tion, and the Office of Naval Research. 

Some highlighting features of the Symposium were 
three invited papers presented at a plenary session, and 
a banquet address presented by E. R. Piore of IBM and a 
_ member of the NBS Visiting Committee. 

The Electron Impact Spectrometer, an instrument that 
provides very sensitive gas analysis, was discussed by J. 
Aro] Simpson of NBS. The instrument, now on the indus- 
trial market, provides detection of such air pollutants as 
carbon monoxide in quantities as low as one part per 
million. 

John C. Helmer of Varian Associates discussed the de- 
sign and some advanced features of the Induced Electron 
Emission Spectrometer, which is an analyzer for the meas- 
urement of x-ray photoelectron energy spectra. He de- 
scribed an advanced design model that has increased 
analysis sensitivity by a factor of 100. 

Hills and valleys of material surfaces can now be ob- 
served visually with the aid of Electron and Ion Micro- 
probe Analysis. Kurt F. J. Heinrich of NBS discussed the 
observation technique as well as the output, which offers 
insight into the topographic structure as well as the mate- 
rial’s composition. 

Other invited papers were presented throughout the 
Symposium including Further Developments in Scanning 
Electron Microscopy by W. C. Nixon, Biological Research 
with Laser presented by C. Susskind, Particle Beams in the 
Solar-Terrestrial Environment—A Review offered by S. 
Bauer, and Electron Transmission, Energy Loss and Radi- 
ation Damage at High Beam Voltages presented by R. P. 
Ferrier. 
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In his banquet address, Dr. Piore spoke of a personal 
and sincere concern for the scientific community stressing 
the problems of scientific funding and student disorders 
that face this country. 

Proceedings of the Symposium will be published in the 
fall of 1969. A copy will be sent to each conference regis- 
trant. Additional copies may be purchased for an approxi- 
mate cost of $20 per volume from the San Francisco Press, 


Inc., 255 Twelfth Street, San Francisco, Calif. 94103. 
SYSTEMS ANALYSIS FOR SOCIAL PROBLEMS PROBED 


Scientists are growing increasingly interested in apply- 
ing their disciplines to the problems of our times, a con- 
cern shared by many employers and by the Federal Gov- 
ernment. The extent of this concern is shown by the scope 
of organizations sponsoring a Symposium on Systems 
Analysis for Social Problems on May 26-28, 1969, at the 
NBS Gaithersburg, Md., facilities. Joined in cosponsoring 
it were the National Bureau of Standards, the President’s 
Office of Science and Technology, the Washington Opera- 
tions Research Council (WORC), the Cost-Effectiveness 
Section of the Operations Research Society of America, 
and the Urban Institute. 

The Symposium attendees were welcomed by WORC 
President Eugene P. Visco and by Lawrence M. Kushner, 
Deputy Director of NBS. The first session was opened 
with remarks by the Symposium General Chairman, Alfred 
Blumstein of Carnegie-Mellon University, following which 
the application of systems analysis to social problems 
was explored under Program Chairman Murray Kamrass, 
of the Institute for Defense Analyses. The speakers de- 
scribed the role of systems analysis, enumerated studies 
reported in this field, and told of problems encountered. 

Kach of the next four sessions was devoted to a specific 
area in which social problems exist. W. Edward Cushen of 
NBS was chairman of a session concerned with city man- 
agement; the speakers discussed making systems analysis 
an integral part of local government and described two 
specific applications. One was the housing problem in New 
York City and the other was selecting locations for fire 
stations in East Lansing, Mich. 

Problems associated with the development of human 
resources was the subject of the session chaired by Wil- 
liam Dorfman of the U.S. Office of Education. Topics of 
the papers presented included planning manpower and 
facilities for higher education, the manpower system as 
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related to national goals, making decisions for school dis- 
tricts, and problems in educational systems. 

Transportation was the subject of a session presided 
over by William Hooper of the President’s Office of Science 
and Technology. The papers discussed various ways to 
analyze transportation systems and also road pricing in 
planning urban transportation. 

The fifth session was devoted to problems connected 
with environmental quality and was chaired by James 
Hibbs of the Environmental Science Services Administra- 
tion. The papers outlined the problems and described tech- 
nological aids to assessment. Policy considerations affect- 
ing environmental management and how the ecologist 
regards management also were discussed. 

The final session, under Alfred Blumstein, began with 
presentations of problems in the additional areas of hous- 
ing, public safety, and planning. Following this the content 
of the Symposium was summarized. 

Each of the single-area sessions ended with an examina- 
tion and amplification by scheduled discussants of the 
points brought out in the foregoing papers. An unusual 
feature of the Symposium was the formation of groups 
for further discussion at the luncheon tables. 

Officers for the Symposium, in addition to Dr. Blum- 
stein, were: Planning: Hugh V. O’Neill of GE-TEMPO; 
Program: Murray Kamrass of the Institute for Defense 
Analyses; Registration: Eugene Visco of GEOMET, Inc., 
and Janet Yellen of Technical Operations, Inc.; Arrange- 
ments: James Holt of the Center for Naval Analyses; and 
Publicity: Armand Weiss of Logistics Management 
Institute. 

Copies of the Proceedings can be obtained in late 1969 
through Mr. Harry Weintraub, 8705 Yarmouth Court, 
Potomac, Md. 20854. 


FIFTY-FOURTH NATIONAL CONFERENCE 
ON WEIGHTS AND MEASURES 


The 54th National Conference on Weights and Measures 
was held June 9-13 at the Sheraton-Park Hotel in Wash- 
ington, D.C. More than 550 representatives from 43 States, 
the District of Columbia, and the Commonwealth of 
Puerto Rico attended. 

This year’s Conference again had a strong consumer 
orientation. Among the actions taken were revisions of 
the Model State Law on Weights and Measures and the 
Model State Packaging and Labeling Regulation. 

The National Conference on Weights and Measures is 
an organization of weights and measures officials of the 
States, counties, and cities of the United States. It is 
sponsored by the National Bureau of Standards and meets 
annually. The Conference brings together the enforce- 
ment officials and representatives of business, industry, 
and trade associations for the purposes of developing 
model laws and regulations, adopting enforcement pro- 
cedures, and hearing and discussing technical papers in 
the broad area of weights and measures administration. 
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Its concern is to assure accuracy of the quantities and 
quantity representations in all commercial transactions for 
all buyers and sellers in the United States. 


4 ‘: \ fe aes ¢ b ‘ 
Secretary of Commerce, Maurice H. Stans, addresses attendees at the 
Fifty-Fourth National Conference on W eights and Measures. 


The Honorable Maurice H. Stans, Secretary of Com- 
merce, was one of the principal speakers on the Confer- 
ence program. Secretary Stans stressed the role of private 
industry in meeting national needs. “In our economic 
philosophy, and in our working economy,” he said, “‘it 
is inescapable that our first resource for meeting these 
needs is the great industrial establishment which our 
free enterprise system has built. It is the ablest and most 
versatile instrument the world has ever seen. Every 
endeavor we launch, whether it is meeting the crises in 
our cities, exploring space, or clearing up our environ- 
ment, will depend for its success on the resources and the 
abilities of private industry.” 

The Secretary was followed by A. V. Astin, NBS Di- 
rector and President of the Conference, who spoke on the 
programs being carried out at NBS. Dr. Astin, who has 
served as President of the Conference for the last 17 years, 
attended the Conference for the last time in these capacities 
as he retired August 31. 

Guest speaker at the annual Conference luncheon was 
Virginia H. Knauer, Special Assistant to the President 
for Consumer Affairs. Mrs. Knauer emphasized the need 
for cooperation and coordination between State and Fed- 
eral consumer-protecting agencies and outlined present 
and planned approaches she and her staff are taking to 
ensure consumer protection. 

Margaret Dana, nationally syndicated columnist on con- 
sumer affairs, was another featured speaker. Mrs. Dana 
pointed out that there is a communication gap between 
the buyer and those involved in selling, packaging, and 
labeling. She said, for example, that many people read 1.45 
pounds on a label and interpret it to mean 1 pound 4 and 
1% ounces. She also expressed the opinion held by many 
people that net drained weight, in addition to the required 
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net weight, should be included on labels of goods that are 
packed in liquid. 

Another highlight was an open forum, which was held 
in three concurrent sessions. These covered the areas of 
weighing, measuring, and merchandising. 

A panel discussion on packaging and labeling was an- 
other feature of this year’s Conference. Representatives of 
the Department of Commerce, the Food and Drug Admin- 
istration, the Federal Trade Commission, the Department 
of Agriculture, and the Internal Revenue Service 
participated. 

Many other interesting talks were given during the 
Conference covering such topics as weights and measures 
inspection in Federal establishments, voluntary standards, 
metric impact on weights and measures officials, and the 
coming trends in produce merchandising. 

Next year the 55th National Conference on Weights and 
Measures will be held in Salt Lake City, Utah. By periodi- 
cally holding the Conference in the West, many western 
weights and measures officials will have a better oppor- 
tunity to attend. 


SCHEDULED NBS-SPONSORED CONFERENCES 


Each year NBS sponsors a number of conferences cover- 
ing a broad range of topics in science and technology. 
The conferences listed below are either sponsored or co- 
sponsored by NBS and will be held at the Bureau’s Gai- 
thersburg, Md., facility unless otherwise indicated. These 
conferences are open to all interested persons unless spe- 
cifically noted. If no other address is given, inquiries 
should be sent to the person indicated below in care of 
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STANDARD FREQUENCY AND TIME BROADCASTS 


High-frequency radio stations WWV (Fort Collins, 
Colo.) and WWVH (Maui, Hawaii) broadcast time signals 
on the Coordinated Universal Time (UTC) system as 
coordinated by the Bureau International de l’Heure 
(BIH), Paris, France. These NBS time signals, UTC 
(NBS), are maintained within 5 microseconds of the 
corresponding time signals of the U.S. Naval Observatory, 
UTC(USNO). The UTC pulses occur at intervals that are 
longer than one coordinate second by 300 parts in 10°° 
during 1969, due to an offset in carrier frequency coordi- 
nated by BIH. To maintain the UTC scales in close agree- 
ment with the astronomers’ time, UT2, phase adjustments 


are made at 0000 hours Greenwich Mean Time (GMT) 
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Special Activities Section, Room A600, Administration 
Building, National Bureau of Standards, Washington, 
D.C. 20234. 


Precoordination—The Basis for Industrialized 
Building. Sept. 24-26. Sponsor: USA Standards In- 
stitute Committee A62. Contact: R. W. Smith, Jr. (NBS 
Building Research Division). 

Dental Research—50th Anniversary. Oct. 6-8. Co- 
sponsor: American Dental Association. Contact: G. R. 
Dickson (NBS Polymers Division). 

Optical Character Recognition Seminar. Oct. 14-15. 
Cosponsors: General Services Administration, National 
Archives and Records Service; International Business 
Forms Industries. Contact: M. Butterfield (NBS Office 
of Information Processing Standards). To be held at 
the State Department Auditorium, Washington, D.C. 

American Cybernetics Society. Oct. 14-16. Sponsor: 
American Cybernetics Society. Contact: Ethel Marden 
(NBS Center for Computer Sciences and Technology). 

3d Materials Research Symposium—Electronic 
Density of States. Nov. 3-6. Contact: H. C. Burnett 
(NBS Metallurgy Division). 

Thermodynamic Properties of Fluids. Nov. 5-7. 
Contact: H. J. White, Jr. (NBS Office of Standard Ref- 
erence Data). By invitation only. 

Twelfth Scintillation and Semiconductor Counter 
Symposium. Mar. 11-13, 1970. Cosponsors: [EEE 
(Nuclear Science Group) ; Atomic Energy Commission. 
Contact: Sanford Wagner, Brookhaven National Lab- 
oratory, Upton, Long Island, N.Y. 11973. 


STANDARDS AND CALIBRATION 


on the first day of a month as announced by BIH. There 
will be no adjustment made on October 1, 1969. 

The low-frequency radio station WWVB (Fort Collins, 
Colo.) broadcasts seconds pulses without offset to make 
available to users the standard of frequency so that abso- 
lute frequency comparisons may be made directly, follow- 
ing the Stepped Atomic Time (SAT) system. Step time 
adjustments of 200 ms are made at 0000 hours GMT on 
the first day of a month when necessary. BIH announces 
when such adjustments should be made in the scale to 
maintain the seconds pulses within about 100 ms of UT2. 
There will be no adjustment made on October 1, 1969. 

NBS obtains daily UT2 information from forecasts of 
extrapolated UT2 clock readings provided by the U.S. 
Naval Observatory with whom NBS maintains close 
cooperation. 
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In the fall of 1965 the Secretary of Commerce established 
the NBS Center for Computer Sciences and Technology 
to carry out the Secretary’s responsibilities under the 
Brooks Bill (Public Law 89-306, passed October 30, 
1965). The Center, under the direction of H. R. J. Grosch, 
provides leadership and coordination for government 
efforts in the development of voluntary commercial in- 
formation processing standards, develops recommenda- 
tions for Federal information processing standards, per- 
forms required research and analysis, and provides 
scientific and technical support and consultative assistance 
in the field of computers and information processing to 
Federal agencies. These Notes will cover information- 
processing standards activities in the Federal Government, 
particularly those of the Center. 


Center Hosts ISO Subcommittee 


During the period of May 19-23, 1969, the Office of 
Information Processing Standards of the NBS Center for 
Computer Sciences and Technology hosted 27 delegates 
from 6 countries to the Fifth Meeting of Subcommittee 1 
(Vocabulary) of ISO Technical Committee 97 (Computers 
and Information Processing). Subcommittee 1 works on 
the development of an international vocabulary in infor- 
mation processing. 

The Delegates were welcomed by M. F. Killian of 
USASI, which is the U.S. representative organization to 
the International Organization for Standardization (ISO) 
and which holds the. Secretariat to the parent committee, 
ISO Technical Committee 97. Richard B. Holmes of the 
Business Equipment Manufacturers’ Association, sponsor 
organization of the national counterpart of ISO TC/97, 
USASISC X3 (Computers and Information Processing), 
extended a welcome on BEMA’s behalf. Joseph O. Harri- 
son, Jr., Chief of the Office of Information Processing 
Standards, greeted the Delegates on behalf of the National 
Bureau of Standards and its Director, A. V. Astin. He 
spoke briefly on the importance of a common terminology 
in any scientific endeavor, and commented on the interest 
displayed by the federal community in vocabulary matters 
during the current revision of the USA Standard 
Vocabulary. 

Dr. Harrison then introduced Commander Grace M. 
Hopper, Director of the Navy Programming Languages 
Group, Office of Information Systems Planning and De- 
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velopment. In the early days of computers, Dr. Hopper 
was a leading figure in that small pioneer computer com- 
munity that was the first to realize the need for a common 
terminology in a burgeoning field, and that developed an 
early glossary on computers and information processing. 
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Dr. Grace Hopper, Director of the Navy Programming Languages 
Group, addresses delegates to the 5th Meeting of Subcommittee 1 
(Vocabulary) of ISO Technical Committee 97. 


Dr. Hopper commented on its 250 terms, as compared to 
the 1200 terms contained in the new Proposed Vocabu- 
lary. She encouraged the Delegates in their work, and 
expressed a hope that a new ISO vocabulary will have 
been completed before she retires for the fourth time. 

The names of the delegates who attended follow, with 
the head of each delegation listed first. France—Jean 
Lochard, Bernard Bourguignon, Francois de La Ferté, 
and Francoise Lima; Germany—Peter Deussen, Arno 
Schulz, Hans Suchlandt, and F. Von Sydow; Italy—An- 
tonio Zampolli; Japan—Hiroji Nishino, Koichi Itoh, Tat- 
suhiko Masuda, Kenichi Murata, Makoto Obinata, and 
Jakamitsu Tsuchimoto; Sweden—Erik Kellner and Sten 
Kallin; U.S.A.—Helmut E. Thiess, Lionel A. Difford, Saul 
Gorn, Peter Z. Ingerman, Roy Mullinax, Albrecht J. Neu- 
mann, George W. Patterson, Ralf D. Prigge, Jacques Val- 
lée, and Josephine L. Walkowicz. 

Jean Lochard was unanimously re-elected Chairman for 
the Subcommittee’s Fifth Meeting. The preliminaries over, 
the Subcommittee settled down to a week of work, which 
was interrupted on Thursday afternoon to allow the Dele- 
gates to visit the computer exhibit at the Smithsonian or 
the Bureau’s Standard Reference Data System, or to tour 
the city with the help and guidance of members of the 
American Delegation. 

The daily program of work started with a brief plenary 
session, after which the Subcommittee split into three con- 
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current Working Group sessions to conduct the vocabulary 
development effort in three parallel streams, which were 
divided broadly into data, software, and equipment and 
storage techniques. The Fifth Meeting of SC1 ended with 
a plenary session devoted to a review and summary of the 
accomplishments of the three Working Groups. 

As a result of the week’s activities, four sections (a total 
of over three hundred entries) of the proposed ISO vocab- 
ulary are ready for processing as Draft ISO Recommenda- 
tions. These four sections are: Fundamental Terms, Or- 
ganization of Data, Representation of Data, and Prepara- 
tion and Handling of Data. Draft proposals for letter ballot 
within SC1 were prepared for two additional sections: 
Formalization and Preparation of Programs, and Mathe- 
matics and Logic. 

The next meeting of SC1 is set for October 6-10, 1969, 
in Paris. 


X3 Committee Reorganized 


The USA Standards Institute Committee X3 on Com- 
puters and Information Processing has been reorganized 
to achieve more effective operations and to achieve im- 
proved liaison between U.S.A. and European standardiza- 
tion activities. The operation of the new committee 
structure is outlined in a new “Objectives, Organization 
and Operating Procedures Manual” that describes the new 
structure. The principal change in the committee structure 
is the separation of planning and operating functions. Two 
staff committees, the International Advisory Committee 
(IAC) and the Standards Planning & Requirements Com- 
mittee (SPARC) comprise the new staff function. Line 
operation functions are carried out by the new Standards 
Steering Committee (SSC). 


USASC X3 ORGANIZATION 
(Way 6, 1969) 


SPONSORS 
STANDARDS 
=— ADVISORY 
COMMITTEE 

(SSAC) 


USA STANDARDS 
COMMITTEE X3 


(USASC X3) 


STAFF 


STANDARDS 
PLANNING & 
REQUIREMENTS 
COMMITTEE 
(SPARC) 


STANDARDS 
STEERING 
COMMITTEE 


(SSC) 


INTERNATIONAL 
ADVISORY 
COMMITTEE 


(IAC) 


[ " 


X3,7 MAGNETIC CHARACTER RECOGNITION 
X3.8 DATA ELEMENTS, CODES, & FORMATS 
13.9 INPUT/OUTPUT INTERFACES 


X84 PROGRAMMING LANGUAGES 
X3.5 TERMINOLOGY & GLOSSARY 
X3.6 PROBLEM DEFINITION & ANALYSIS. 


X3.1 OPTICAL CHARACTER RECOGNITION 
X3.2 CODES & INPUT/OUTPUT 
X33. DATA COMMUNICATIONS 


The intent of the change is to free the standards com- 
mittees from administrative problems, thus leaving them 
free to concentrate on the timely development of assigned 
standards. The diagram shows relationships between the 
new. organizational segments of the X3 Committee. 
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The reorganization also reflects the change in designa- 
tion for the Input/Output Interface Committee from ad hoc 
to standing committee status as X3.9. Officers of the X3.9 
Committee are G. E. Poorte (RCA), Chairman, and D. 
Shoemaker (GSA), Vice Chairman. 

Consideration of the problems of interface standards 
first began in November 1965 with the organization of 
X3.2 ad hoc Group C. After two meetings as a Task Group 
of the X3.2 Committee and two meetings as a joint ad hoc 
committee of X3 and X4, a subcommittee of X3 was first 
organized on March 23, 1967. Initially the committee was 
on an ad hoc basis that continued until April 17, 1969, at 
which time the committee designation was changed to 


X3.9 I/O Interface. 


New Standards from USASI 


The USA Standards Institute now has the following new 

standards available for sale: 

X3.23—1968 COBOL ($6.50) 

X3.25—1968 Character Structure and Character Parity 
Sense for Parallel-by-Bit Data Communication 
($2.25) 

X4.10—1968 (Revision of X2.5.21—1959) Minimum 
Requirements for Remote Dictation through an In- 
tercommunication System ($2.25) 

X4.11—1968 Preferred Design Voltage Rating and Min- 
imum Tolerance of Office Machines ($1.75) 


Copies are available from the United States of America 
Standards Institute, 10 East 40th Street, New York, N.Y. 
10016, for the prices indicated. 


Status of Federal Information Processing 
Standards Recommendations 


First Phase: PRoyEct NOMINATION 

Signaling Speeds for Data Transmission (X3. 1—1962) 

Specifications for General Purpose Paper Cards for Information 
Processing (X3. 11—1966) 

Parallel Signaling Speeds for Data Transmission (X3. 13—1966) 

Time Sharing and Remote Console Considerations 

Hardware Interfaces 

Keyboard Configuration 

Synchronous Signaling Speeds 

Numerical Machine Control Perforated Tape 

Second Phase: STANDARDS DEVELOPMENT 

Vocabulary for Information Processing (X3. 12—1966) 

Interchangeable Magnetic Disk Media 

RFP, RFQ, and Contract Formats 

OCR Measurement Technology 

OCR Paper 

ADP Systems Site Preparation 

Magnetic Tape Labels for Information Interchange 

Hollerith Punched Card Code (X3. 26—1969) 

FORTRAN Standard Reference (X3.9—1966, X3.10—1966) 

COBOL Programming Language (X3. 23—1968) 

Recorded Magnetic Tape for Information Interchange (200 CPI, 
NRZI) (X3. 141969) 

Character Sets for OCR Input (X3. 17—1966) 

Layout of Forms for OCR Input 

Bit Sequencing of the USA Standard Code for Information 
Interchange in Serial-by-Bit Data Transmission (X3. 15—1966) 

Character Structure and Character Parity Sense for Serial-by-Bit 
Data Communication in the USA Standard Code for Informa- 
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tion Interchange (X3. 16—1966) 

Signal Quality at Interface Between Data Processing Terminal 
Equipment and Synchronous Data Communication Equipment 
for Serial Data Transmission (X3. 24—1966) 

Character Structure and Character Parity Sense for Parallel-by- 
Bit Data Communication (X3. 25—1968) 

One-Inch Perforated Paper Tape for Information Interchange 
(X3. 18—1967) 

(X3. 


Rectangular Holes 
21—1967) 
, Take-Up Reels for Qne-Inch Perforated Paper Tape (X3. 
20—1967) 
Third Phase: RECOMMENDATION FOR ADOPTION 
None 


in Twelve-Row Punched Cards 
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Fourth Phase: IssuepD FEDERAL INFORMATION PROCESSING 
STANDARDS 

FIPS PUB 1 Code for Information Interchange (X3.4—1968) 

FIPS PUB 2 Perforated Tape Code for Information Interchange 
(X3.6—1965) 

FIPS PUB 3 Recorded Magnetic Tape for Information Inter- 
change (X3.22—1967) 

FIPS PUB 4 Calendar Date 

FIPS PUB 5 States of the United States 

FIPS PUB 6 Counties of the States of the United States 

FIPS PUB 7 Implementation of Code for Information Inter- 
change and Related Media Standards 

FIPS PUB 8 Metropolitan Standard Areas 


NBS Reference-Magnetic Computer Tape Amplitude 


PUBLICATIONS of the National Bureau of Standards” 


PERIODICALS 


Technical News Bulletin, Volume 53, No. 8, August 1969, 30 cents. 
Annual subscription: Domestic, $3; foreign, $4. Available on 
a 1-, 2-, or 3-year subscription basis. 

Journal of Research of the National Bureau of Standards 
Section A. Physics and Chemistry. Issued six times a year. 

Annual subscription: Domestic, $9.50; foreign, $11.75. Single 
copy price varies. 
Section B. Mathematical Sciences. Issued quarterly. Annual 
subscription: Domestic, $5; foreign, $6.25. Single copy, $1.25. 
Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $5; foreign, $6.25. Single copy, 
$1.25. 


CURRENT ISSUES OF THE JOURNAL OF RESEARCH 


J. Res. Nat. Bur. Stand. (U.S.), 73A (Phys. and Chem.), No. 5 
(Sept.—Oct. 1969) 

Douglas, T. B., Conversion of existing calorimetrically determined 
thermodynamic properties to the basis of the International Prac- 
ical Temperature Scale of 1968. 

Douglas, T. B., and Payne, W. H., Measured enthalpy and derived 
thermodynamic properties of alpha beryllium nitride, BesNe, 
from 273 to 1200 K. 

Douglas, T. B., and Payne, W. H., Measured enthalpy and derived 
thermodynamic properties of solid and liquid lithium tetra- 
fluoroberyllate, Li.BeF., from 273 to 900 K. 

Goodwin, R. D., Nonanalytic vapor pressure equation with data for 
nitrogen and oxygen. 

Stimson, H.F., Some precise measurements of the vapor pressure 
of water in the range from 25 to 100 °C. 

Roth, C., The configurations (3d+4s)”- 4p in neutral atoms of 
calcium, scandium, and titanium. 

Catanzaro, E. J., Murphy, T. J., Carner, E. L., and Shields, W. R., 
Absolute isotope abundance ratio and atomic weight of ter- 
restrial rubidium. 


OTHER NBS PUBLICATIONS 


Bullis, W. M., Ed., Methods of measurement for semiconductor 
materials, process control, and devices. Quarterly report Janu- 
ary 1 to March 31, 1969, Nat. Bur. Stand. (U.S.), Tech. Note 
488, 44 pages (July 1969) , 50 cents. 

Carter, R. S., and Rush, J. J., Ed., Molecular dynamics and struc- 
ture of solids. Proceedings of 2d Material Research Symposium 
held at the National Bureau of Standards, Gaithersburg, Md., 
Oct. 16-19, 1967, Nat. Bur. Stand. (U.S.), Spec. Publ. 301, 571 
pages (June 1969), $4. 
oore, C. E., Bibliography on the analyses of optical atomic 
spectra. Section 3. “Mo-"La and “Hf-*Ac, Nat. Bur. Stand. 
(U.S.), Spec. Publ. 306-3, 37 pages (May 1969), 50 cents. 
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Newman, N., Considerations in computing the useful frequency 
range of piezoelectric accelerometers, Nat. Bur. Stand. (U.S.), 
Tech. Note 487, 20 pages (July 1969), 30 cents. 

Wacker, P. F., Cord, M. S., Burkhard, D. G., Petersen, J. D., and 
Kukol, R. F., Microwave spectral tables. Polyatomic molecules 
with internal rotation, Nat. Bur. Stand. (U.S.), Mono. 70, Vol. III, 
275 pages (June 1969) , $4.25. 


PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practical. For completeness, earlier references not pre- 
viously reported may be included from time to time. 


Ahearn, A. J., and Paulsen, P. J.. Workshop on mass spectrometric 
analysis of solids at the National Bureau of Standards in Gaithers- 
burg, Md., Nov. 18 and 19, 1968, Anal. Chem. 41, No. 2, 79A- 
81A (Feb. 1969). 

Ausloos, P., Rebbert, R. E., Lias, S. G., Gas-phase photolysis of 
cyclohexane in the photoionization region, J. Phys. Chem. 72, 
No. 11, 3904-3914 (Oct. 1968). 

Berger, M. J., Seltzer, S. M., Chappell, S. E., Humphreys, J. C., and 
Motz, J. W., Response of silicon detectors to monoenergetic elec- 
trons with energies between 0.15 and 5.0 MeV, Nucl. Instr. 
Methods 69, No. 2, 181-193 (Apr. 1969). 

Blandford, J. M., and Bensing, P. L., Book, Testing Programs for 
the Apparel Industry. Evaluation of Material and Components, 
Part I, 31 pages (Oct. 1968) ; Part II, 222 pages (Apparel Re- 
search Foundation, Inc., Washington, D.C., Oct. 1968). 

Bowen, R. L., and Cleek, G. W., X-ray-opaque reinforcing fillers for 
Seaeaete materials, J. Dental Res. 48, No. 1, 79-82 (Jan.—Feb. 
1969). 

Bowen, R. L., and Mullineaux, A. L., Adhesive restorative materials, 
Dental Abstr. 14, No. 80, 80-82 (Feb. 1969). 

Broadhurst, M. G., The dielectric properties of leaves, sticks, and 
dirt at radio and microwave frequencies, Proc. 1968 Annual Re- 
port Conf. Electrical Insulation and Dielectric Pheonomena, Oct. 
21-23, 1968, Buck Hill Falls, Pa., pp. 146-152 (Natl. Acad. Sci.- 
Natl. Res. Council, Washington, D.C., 1969). 

Brown, P. J., Human factors research in motor vehicle occupant 
restraint systems, IEEE Trans. Man-Machine Systems MMS-9, 
No. 3, 88-89 (Sept. 1969). 

Bur, A. J., and Roberts, D. E., Rodlike and random coil behavior of 
poly (n-butyl isocyanate) in dilute solution, Proc. 1968 Annual 
Report Conf. Electrical Insulation and Dielectric Pheonomena, 
Oct. 21-23, 1968, Buck Hill Falls, Pa., pp. 17-21 (Natl. Acad. 
Sci.-Natl. Res. Council, Washington, D.C., 1969) . 

Casella, R. C., Time reversal and the K° meson decays. II, Phys. 
Rey. Letters 22, No. 11, 554-556 (Mar. 1969). 

Christ, B. W., and Giles, P. M., On the detection of retained 
austenite in high-carbon steels by Fe™ Méssbauer spectroscopy, 
with appendix, Trans. Met. Soc. AIME 242, 1915-1925 (Sept. 
1968). 

Coleman, J. A., Love, D. P., Trainor, J. H., and Williams, D. J., 
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Effects of damage by 0.8 MeV-5.0MeV protons in silicon surface- 
barrier detectors, NASA Rept. No. x-611-68-221, 38 pages 
(National Aeronautics and Space Administration, Goddard 
Space Flight Center, Greenbelt, Md., June 1968). 

Cooper, M. J., Point transformation of classical hard-core potential, 
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